Recombination effects and impurity segregation at grain boundaries in polycrystalline silicon S. Pizzini Abstract. 2014 A quantitative account of the recombination properties of grain boundaries in undoped and impurity doped polycrystalline silicon is given, by analysing the results of EBIC measurements. These latter were carried out after having developed a new sampling methodology, which allows the intercomparison of EBIC results on a relative scale. The problem of synergistic carriers collection effects due to impurities and extended defects is also considered.
Revue Phys. Appl. 22 (1987) As an example, while in concentrated multiple impurities silicon solutions, transition metals segregated at GB exhibit silicide bonding [6] , in undoped silicon significant portion of hydrogen segregated at oxygen contains GB, is chemically bonded with the hydroxil configuration [5] .
Furthermore, also the electrical activity of GB seems to be dependent on the oxygen segregated on them. Duke et al. [7] In the second case, the use of a sample holder of the type schematically illustrated in figure 2, which permits to shift the electron beam from the sample A to the sample B, does allow to compare the local recombination properties by mean of the ratio Of course, both ratios (8) and (9) The results are reported in table III, which shows not only that the standard deviation from the average value is narrower in the doped samples but also that the recombination losses in the volume of the grains of the doped samples are 30 % less than those observed in the undoped sample, independently of the nature of the impurity considered.
In order to account for these results it is not only necessary to assume that segregation at GB does occur in doped samples, leaving the bulk of the grain clean, but also that recombination losses in the bulk [9] . Incidentally, this conclusion is well in agreement with that already rised by Salama [15] and Martinuzzi [16] By comparing these results with those already obtained on the undoped sample [9] and reported in figure 4 , one could remark first that, in average, most of the GB in the Ti-doped and in the undoped sample present comparable values of EBIC contrast. 4. Summary and conclusion.
As already mentioned in the introduction section, we have demonstrated in a previous paper [9] that the minority carriers losses in undoped, polycrystalline silicon grown by the directionally solidification technique mostly depend on the recombination at dislocations, the GB contributing only slightly to the overall recombination losses. We have also demonstrated that the electrical activity of dislocations increases with the oxygen concentration, thus providing a strong support to the view of Duke et al. [7] , who suggested that segregation of oxÿgen at dislocations is responsible of minority carriers losses.
The essential difference between the undoped and the doped samples studies in the present work is that, in spite of the lower average values of the diffusion length measured on the undoped samples using the SPV technique (see Table II Considering that all the samples analysed have comparable dislocation densities (see Table II ), one should conclude that deep-level impurities gettered at dislocations via Me-0 bonds make those dislocations less recombining that dislocations decorated only with oxygen in the undoped material.
These conclusions, which well agree with previous results of Salama [15] and Martinuzzi [16] concerning the interaction of metallic impurities, oxygen and intergrain defects in silicon, need however further DLTS and SIMS evidence in order to be considered definitive.
